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A Fast-Fourier Transformation of the beam response in a dedicated computer yields the betatron tunes with a precision better than 0.01. In the second technique the beam is continuously excited. The frequency of the excitation is measured and fed back to the beam by a Phase-Locked-Loop. This measurement is accurate to better than 0.001 but requires a reasonably well tuned machine. Tune deviations are automatically compensated by acting on the main quadrupoles through a software loop.
The pulsed proton-antiproton collider Operating as a p-pbar collider the SPS normally works at a constant energy of 315 GeV. As a fixed target machine the energy is ramped from 14 GeV up to 450 GeV. To achieve the maximum energy of 450 GeV in collider mode in order to produce p-pbar interactions with 900 GeV in the center of mass, the SPS runs with cyclic energy variations from 100 GeV to 450 GeV ( fig.1 The layout of the system is shown in fig.3 It is insensitive against the betatron frequency spread (i.e. due to the space-charge forces).
The system has also been found to be extendable so that automatic chromaticity measurements could be made on the machine all through the cycle. This is done by making tune measurements on 2 cycles with two different energies achieved by changing the frequency of the RF. From the tunes measured for two different energies the chromaticity is calculated /5/. The 
CONTINUOUS-Q system
The hardware for the continuous tune measurement shown in fig.4 has been described in detail in /6/.In this system betatron oscillations are continuously excited by kicking the bunches every revolution with a kicker in one plane. The response of the beam to the kick is measured by the Schottky pick-up previously described and the excitation signal is phase-locked onto the received signal. In this way the excitation frequency tracks the betatron frequency. To get a measure of the tune this frequency is converted to a voltage. This latter voltage is digitized every 6 milliseconds and the data are stored in a computer memory.
With the sensitive Schottky pick-ups used kicks smaller than 10 rad are sufficient for the measurement. With this small amplitude of kick the intensity loss during one cycle of 21.6 sec is less than 0.5 X and the .165
